CLAIMS 

1 . An architecture of an ignition management system for an internal 
combustion engine, adapted to cooperate with an electronic engine control unit, the 
architecture comprising: 

a first module structured to process electric signals from which the angular 
position of the engine driving shaft can be obtained; 

a second module structured to process electric signals from which the 
cycle phase of the engine can be obtained; 

a third module structured to supply suitable signals for driving the injectors 
so as to actuate the desired injection profile stored inside the module; and 

a fourth module structured to enable the module and to receive signals 
from the first and second modules and from the fourth module itself. 

2. The architecture according to claim 1 wherein the first module is 
input a signal from a sensor of a phonic wheel made rotatively rigid with the engine 
driving shaft. 

3. the architecture according to claim 1 wherein the second module is 
input a signal from a sensor of a phonic wheel made rotatively rigid with the engine 
camshaft. 



4. The architecture according to claim 1 wherein the third module is 
input a pair of signals from the second module, said signal pair relating to the engine 
cycle phase and to the number of teeth of the phonic wheel, and an additional signal 
from the first module, the additional signal relating to the angular position of the engine 
driving shaft. 
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5. The architecture according to claim 1 wherein the fourth enabling 
module is input a first signal relating to the angular position of the engine driving shaft, 
a secdnd signal relating to the cycle phase of the engine, and a third signal indicating 
the operational state of the third module. 

6. The architecture according to claim 2 wherein the phonic wheel has 
a predetermined number of equidistant teeth arranged on the circumference, a small 
group of adjoining teeth being missing to define a reference point on the wheel 
detectable by the sensor. 

7. The architecture according to claim 6 wherein the number of teeth 
of the phonic wheel and the number of missing teeth are programmable. 

8. The architecture according to claim 1 wherein the first, second and 
third modules are structurally and functionally independent. 

9. The architecture according to claim 3 wherein the second module is 
input a signal of a teeth counter of the driving shaft phonic wheel from the first module, 
and that a predetermined amount of phase displacement may be provided between said 
signal and the signal from the sensor associated with the camshaft in order to control 
the cycle phase of variable timing engines. 

10. The architecture according to claim 1 wherein the fourth module is 
a logic network. 

1 1 . The architecture according to claim 3 wherein the phonic wheel has 
a non-standard arrangement of teeth along its circumference. 
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12. The architecture according to claim 3 wherein the module may be 
programmed so as to be adapted to different camshaft phonic wheels. 

13. The architecture according to claims 1 1 wherein the module may 
be programmed so as to be adapted to different camshaft phonic wheels. 

14. An electronic device for determining the operating phase of an 
internal combustion motor, the device being of the type structured to cooperate with an 
electronic motor control unit and inputting a signal issued from a sensor of a phonic 
wheel associated with the motor camshaft, the device comprising: 

a first I/O interface module incorporating a plurality of registers and 
receiving signals from the electronic motor control unit; 

a second module connected bi-directionally to the first module and 
inputting the signal issued from said sensor to identify a camshaft reference and to 
supply the operating phase of the motor; 

a third module adapted to issue an interrupt signal toward the unit 
electronic engine control unit according to an error signal incoming from the second 
module. 

15. The device according to claim 14 wherein the registers of the first 
module can be accessed both while reading and writing from the electronic engine 
control unit via a standard interface. 

16. The device according to claim 14 wherein the search for the 
reference and the following calculation of the camshaft position are carried out in the 
second module by continually monitoring the signal from the sensor of the camshaft 
phonic wheel. 
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17. The device according to claim 14 wherein a second set of registers, 
inside the first module, contain data about the internal state and the results of the 
second module. 



18. The device according to claim 14 wherein once an interrupt signal 
is generated, a relevant internal register of the first module is also updated, from which 
the type of error caused by the second module can be found. 

19. The device according to claim 14 wherein the registers included in 
the first module are: 



start 


Starts the state machine implemented in 
"cams shaft" 


Stop 


Stoos the state machine imolemented in "cams shaft" 

fc^* ' V Ml \* W ^ w* lw ■ 1 1 *-* w 1 III IV 1 1 1 1 %*/ I 1 IV I 1 WVvl III \SWl 1 1 IW W 1 1 Wl 1 L 

and brings it back to its initial state ready to start 
again. 


merrvcanr^changesl 


Table of sizel items, containing the number-of-tooth 
values of the driving shaft phonic wheel where 
transitions occur on the cam signal during the driving 
shaft rotation corresponding to phase zero. 


profilel 


Indicates the expected value of the cam profile stored 
in mem cam changesl. 


sizel 


Indicates the number of items stored in the 
mem cam changesl and profilel tables. 


mem_cam_changes2 


Table of sizel items, containing the number-of-tobth 
values of the driving shaft phonic wheel where 
transitions occur on the cam signal during the driving 
shaft rotation corresponding to phase one. 
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InHipatpc th o ovnoptoH waliio of tho rani nrofilo ctoroH 
II lUIOdlCo 11 t?XpcOlcU VdlUt; Ul U It? Udlll fJIUIIIt? olUlcU 

in mem cam changes2. 


size2 


Indicates the number of items stored in the 

rnorn r*£im pf)£5nopc9 anrl nro//7p9 tahlpQ 


mem_cam_r 


Table of s/zer items, containing the number-of-tooth 

wqlnpc rxf thp rlri\/inn Qhaft nhonip \A/ho^l \A/hprp 

valUCD \Jt 11 IC UllVllly OlIdlL JJI IUI MO Wl ICCI Wl ICI v 

transitions occur for the reconstructed cam signal. 


Profilpr 

\ 1 \J\ lid 


IllUIUdltZo lilt? cApcUlcu VdlUc Ul UltJ Odlll piUMIt? olUltJU 

in mem cam r. 


Sizer 


Indicates the number of items stored in the 

mpm pom r pnH nrnfil^M tsihlp^ 

ff/C7/#f OQf/r 1 Ol IVJ lJI\JIU\sl 1 LdUlv7o. 


Delta 


Indicates the width of the interval around the time 

nnint whpn thp ^x/Qtpm iq pynpotinn a tooth of thp 
pun ii vvi ici i ii io oyoici 1 1 io cajjcou i ly d ivjuui \j\ u ic 

camshaft phonic wheel. 


offQpt ni it 


InHioatPG thp ovtont that tho oam cinnol hue to ho 
uiuiUdlCo u IC cAlclll LI Id L ult? Udlli oiyildl ildo IU Uc 

shifted from the driving shaft phonic wheel signal. 


a ns 


Indinatp^ whpthpr thp ^hift ha^ to. nrrur in thp forward 

1 1 1 U IvW LwO VVI Ivll 1^1 11 It? OIIIIL 1 luO WJ \J Ks\s \J 1 III LI VVGU VJ 

or the backward direction. 


cfg_phase 


Indicates if the teeth counter of the driving shaft 
phonic wheel has to be shifted. 



20. The device according to claim 19 wherein the second set of 
registers of the first module is updated by the second module are the following: 



error_at 


Indicates the number of the tooth where the last error 
occurred. 


teeth_cnt 


Indicates the driving shaft angular position as phonic 
wheel teeth counter from 1 to 2* (n tooth holes). 
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Udlll pildoc? 


II lUlL/dlCo ll Its 1 IIUIUI pildoc;. 


lock cam 


Indicates that the motor oneratino nhase is found 

ii luiuaioo high Li iw 1 1 iuiwi v[/vi aui ly pi laoc io iuui iu. 


stato_out 


Indicates the current state of the "cams_shaft" state 
machine. 


rec out 


Desired camshaft profile. 



21 . The device according to claim 14 wherein the second module 
constantly checks the pulses of the signal from the sensor, and it evolves according to a 
state machine on the basis of a table correlating the profile of a driving shaft phonic 
wheel with the camshaft phonic wheel. 



22. The device according to claim 21 wherein the format of the 
correlation table is the following: 



Phase 0 


Phase 1 


mem cam changesl 


profilel 


mem-cam changes2 


Profile2 


2 


1 


14 


1 


3 


0 


15 


0 






16 


1 






17 


0 



and includes a firs table for Phase 0, containing the transitions of the 
signal during the first rotation of the driving shaft, and a table for Phase 1 containing the 
transitions of the signal during the second rotation of the driving shaft. 

23. An architecture of an electronic device for determining the angular 
position of a driving shaft in internal combustion engines, the architecture being of the 
type intended to cooperate with an engine electronic control unit and receiving an input 
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signal emitted by a sensor of a tone wheel associated to the driving shaft, the 
architecture comprising: 

a first I/O interface module embedding a plurality of registers and receiving 
signals from the electronic engine control unit; 

a second module bi-directionally connected to the first module and 
receiving the input signal emitted by the sensor to detect a reference on the driving 
shaft and provide its angular position moment by moment; 

a third module capable of emitting an interrupt signal toward the electronic 
engine control unit on the basis of an error signal received from the second module. 

24. The architecture according to claim 23 wherein the registers of the 
first module can be accessed in reading and writing mode by the electronic engine 
control unit via a standard interface. 

25: The architecture according to claim 23 wherein in the second 
module the search of the reference and the subsequent calculation of the driving shaft 
position occur by constantly monitoring the signal transmitted by the sensor of the tone 
wheel. 

26. The architecture according to claim 23 wherein a second set of 
registers internal to the first module contains data relating to the internal status and the 
results of the second module. 

27. The architecture according to claim 23 wherein the generation of an 
interrupt signal also updates a related register internal to the first module from which it is 
possible to trace the type of error generated by the second module. 
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28. The architecture according to claim 23 wherein the registers 
embedded in the first module are: 



start 


Starts the state machine implemented in 
"fcm fnnira" 

IOIII Ivl llwCI 


Ston 


.^tnnc thp ctatp maphino imnlompnipH in 

"fsm fonina" rp^torinn ite nrininal ^tatu^ waitinn 

Iwlll Ivl llua 1 uwlvl II lU HO WIIMHICII O LCI IUO VVCII LI 1 IM 

for a new start-up. 


Overflow 


Sets the waiting time limit so that the lack of 
teeth in this time interval indicates a svstem 

IVsV^LI 1 III UNO LI 1 I IV/ III Ivl Vdl II lUlvQlvw O Ojf OlVl 1 1 

error status. 


num of teeth 


This indicates the tone wheel number of teeth. 


num of holes 

1 IUII 1 VI 1 Iwlww 


Thte indinatp^ thp tonp whppl numhpr nf hnlp^ 

1 1 IIO II lUlwu LCO LI Iw LU 1 IC VVI Iv7v7l 1 1 U 1 1 lUwl vl 1 IVJIx^O . 


num_of_check 


This indicates the number of revolutions of the 

Hrix/inn ^haft tn hp wflitprl aftpr thp lr>rk hpfnrp 

passing to the injection phase. 


Delta 


This indicates the extent of the interval around 

thp timp inctant in \A/hif*h thp ewetom oynortc o 

11 IC III IIC HlolGtllL III WIIIUII lilt? oyoLCMl CJAjJtJOlO <x 

tone wheel tooth. 


cfn filtpr 

viy in ic i 


FniahlpQ nr Hicahlpc thp Hinital filter tn ho annliorl 

on the signal transmitted by the tone wheel. 


cfg_check 


This indicates whether it is necessarv to reset in 
case of error, the count of already executed 
checks. 


error_at 


This indicates the number of tooth where the last 
error occurred. 


Tooth_num 


This indicates the current number of tooth of the 
tone wheel. 
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i fppfh 

1 ■ ICC LI 1 


Thi< inriinatp^ an intprmediate nosition hetween 

1 1 MO II lUlvul^O C4 1 1 II lid 1 1 IWUIUl^ pvOI 11 Wl 1 U^UVUUI 1 

two adjacent teeth of the same tone wheel with a 
fixed accuracv 


Frt 


Free running timer. 


Stato_put 


This indicates the current status of the state 
machine of the "fsm fonica". 


Diffdente_out 


This indicates a value from which it is possible to 
trace the revolution speed of the driving shaft 
with the following expression: 

J *oU 

rpm = 

n _ tooth _ holes * diffdente _ out 

where f is the system clock frequency (elk). 


Pending 


This indicates the type of error occurred. 



29. The architecture according to claim 25 wherein the second module 
checks that every subsequent pulse of the signal occurs within a fixed temporal window 
or that no pulse is received within said window to pass through the tone wheel point of 
reference search status. 



30. The architecture according to claim 29 wherein the temporal 
window is determined as difference (count2 - countl) between the subsequent instants 
of reception of the signal (fonica_signal) J also determining the center of an interval in 
which the next pulse is expected; the extent of the interval being calculated as ratio 
(count2 - countl) /n t with n equal to the number of teeth of the tone wheel. 
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31. An architecture of a system for driving the injection and/or ignition 
in internal combustion engines, of the type intended to cooperate with an engine 
electronic control unit by driving corresponding injection drivers, and comprising: 

a first I/O interface module embedding a plurality of registers and receiving 
signals from the engine electronic engine control unit; 

a second module bi-directionally connected to the first module from which 
it receives information at least on the injection times and the quantity of fuel to be 
injected for generating driving signals for the injection drivers, thereby actuating a 
desired injection profile; 

a third module capable of emitting an interrupt signal toward the electronic 
engine control unit on the basis of signals received by the second module. 

32. The architecture according to claim 31 wherein the registers of the 
first module can be accessed in writing and reading mode from the ECU by a standard 
interface: 



33. The architecture according to claim 31 wherein the registers 
embedded in the first module are: 



start 


Its status is reported by the output "start dec" 


Stop 


Stops the state machine implemented in "inj" 
restoring its original status waiting for a new start. 


presc conf 


Prescaler of the timer internal to module "inj" 


Period 


Period of the PWM signals to be generated 


dutyjiigh 


Table containing a set of duty-cycle values of the 
PWM signals to be generated 


Security 


This indicates if the security condition is enabled 


compare value 


Watchdog value 
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timejdiag 


This indicates the instants in which diagnostics 
should be carried out 


cfg_diag 


This indicates if diagnostics should be carried out 


ii iuca uidy 


"ThiQ inHipatpQ thp plpmpnt of thp f/mp Hiari cinnial 
i iiio niuiociico ii ic ddiidii ui ii ic iiiiiKj may oiyiidi 

to be used for diagnostics 


CApc^icu uidy - 


Th ic inHif^atoc tho io ovnortoH from tho 
1 lllo IllUIUdltJb lilt; VdlUC tJXJJcULcU IIUIII 11 IC 

diagnostic check 


nfo Hian qpp 

w i y vjiciy oco 


Thi^. inHip^tpo. whpthpr Hiannn^tipo. ^houlH hp 
i iiio ii luiuaico vvi icu ici uidyiiuouoo oiivjuiu uc 

carried out in security condition 


InrloY Hian cor 
1 1 IUCA uidy oCL) 


~I~h ic inHif^otoc tho olomont o"f tho /7mo riian cinnol 
1 lllo IllUludlco liic clui IltJi 11 Ul lllc lliilG Ulay olylldl 

to be used for diagnostics in security condition 


PYnortoH Hian cor* 
e ApeoitJU u id y ocu 


Thic i nH i rotoc tho io ovnortoH fmm tho 

i nio ii luiuditJo uit? vdiuc expecieu irorn ine 
diagnostic check in security condition 


time__prof 


Table containing the instants of variation of the 

inioptinn nrofilo 

IIIJCVsllUII |JIUIIIC7 


Profile 


Table containing the configuration values of 
signals curr_out and pwm_out for every instant 

r*\f \#*arioti/^r» f ho ir^i^/^ti^n »\ r^sf 1 1 

ot variation oi ine injection proiiie 


cfg_time_prbf 


This indicates whether the actuation of the 

inioption nrnfilp chniilH ho hacoH nn timo nr 
ii ijcouui i pi unit; oiiuuiu uc udocu un unit? ui 

annlp*^ 

a i ly ivo 


cam_phase_conf 


This indicates the phase in which injection should 

hp p^rripH out 


num_shape 


Number of shapes forming the injection profile 


timG Drof sec 


Tahlp similar in timp nrof hut \/aliH in <ppnrit\/ 

i auic oiiiiucii L\j mi i iv §ji vj i uui vgiilj hi ovi/Ui uy 

condition 


profile_sec 


Table similar to profile but valid in security 
condition 
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cfg_time_prof_sec 


This indicates whether the actuation of the 
injection orofile in securitv condition should be 

1 1 iiwwiivi i vj i vi i iw ill \j u iiiy wv 1 1 vi i iiwi i o i iv/U I vi 

based on time or angles 


nam nHa^p nohf ^pr 


Thi^ indipatp^ thp nha^p in whirh inipMinn ^honlH 

1 1 HO II lUlwGllww 11 IU LSI ICIvv II 1 VVI llwl 1 11 IJwOllWI 1 Ol IvUlU 

be carried out in security condition 


num_shape_sec 


Number of shapes forming the injection profile in 
security condition 


Output to "pend_inj" 




Mask 


Interrupt mask 


Inout from "ini" 

■ I ■ h# Vi I II W III. I 1 1 J 




stato out 


This allows to trace the "inj" state 


cfa owm 

VIM LsVVIII 


Thi^ indinatp^ thp rurrpnt mnfinuratinn nf mndulp 

1 1 MO II IUIUuLCO 11 lv UUI 1 CI 11 vU 1 1 1 1 L4 1 C*l\\J\ \ \J 1 1 1 

"owm ini" 

pvvni II Ij 


curr_put 


This indicates the current configuration of the 
steady driver driving signals 


Input from "pend_inj" 




Pending 


This indicates the type of error occurred 



34. The architecture according to claim 31 wherein the second module 
directly receives an input signal relating to the engine phase, and a further pair of 
signals related to the angular position of the drive shaft. 

35. The architecture according to claim 31 wherein when an interrupt 
signal is generated a relevant internal register of the first module is also updated from 
which it is possible to trace the type of error generated by the second module. 

36. The architecture according to claim 31 wherein the second module 
comprises a main block for driving the injection drivers and an auxiliary block adapted 
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for generating PWM signals through configuration commands provided by the main 
block. 

37. The architecture according to claim 36 wherein the auxiliary block is 
in charge of generating both a square wave with the desired duty-cycle and of obtaining 
either a high or a low logical value in output. 

38. The architecture according to claim 37 wherein the main block 
operates in two modes by using a corresponding set of data in the registers; one of said 
modes being a security mode for which the set of data taken into consideration is as 
follows: 



time prof sec 


Table similar to time prof but valid in security condition 


profile sec 


Table similar to profile but valid in security condition 


cfg_time_prof_sec 


This indicates whether the actuation of the injection profile in 
security condition should be based on time or angles 


cam__phase_conf_s 
ec 


This indicates the phase in which injection should be carried 
out in security condition 


num_shape_sec 


Number of shapes forming the injection profile in security 
condition 
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